Abstract The older adult female population is fast growing, and sex differences exist for the majority of psychiatric and cognitive disorders affecting this group. Estradiol, with its variability during the reproductive years, particularly during the menopause transition, and its fall in the postmenopause, plays an important role in women's risks for neuropsychiatric changes. This review aims to review the evidence related to aging in women and common issues faced, including mood, anxiety, psychotic, and cognitive disorders. Important considerations regarding management of these disorders in aging women will also be addressed.
Introduction
The number of United States (US) citizens over the age of 65 is expected to be 72.1 million by 2030, representing an overall increase of 87.5 % from the 40 million reported in the 2010 census [1] . The graying of the US population will continue to have major ramifications for healthcare expenditures. That women outnumber men in the over 65 and particularly over 80 age categories highlights the importance of focusing on risk for neuropsychiatric conditions across the life span and particularly cognitive issues as women age.
Affective disorders, which are more common among women than men during the reproductive years, greatly impact the individual's quality of life in multiple domains including those related to professional development and earning potential. A recent analysis of economic burden related to mood disorders in the USA between 2005 and 2010 indicates that costs due to depressive disorders increased from 173.2 to 210.5 billion, with 50 % of the costs attributable to loss of work productivity [2] .
Medical disorders, such as autoimmune diseases [3] , migraine [4, 5] , thyroid disease [6, 7] , and metabolic disorder [8] to name a few, affect women more often than men and are frequently comorbid with depression and anxiety. Similarly, women suffer from Alzheimer's disease (AD) at almost twice the rate of men, even when controlling for women's longer life expectancy [9] . Recent investigations support the notion that chronic stress is a risk factor for AD [10] . Whether this is particularly the case for women as they suffer from stressrelated psychiatric disorders more so than men has not been systematically studied [11] . The predominance of these disorders among women has important ramifications for healthcare providers who work with aging populations. The purpose of this review is to update the reader with respect to risk for neuropsychiatric and cognitive issues particularly in aging women. We will also highlight the need to consider the interaction between lifetime exposures to stress, reproductive hormones, medical illness, and the aging process when considering various treatment options.
Reproductive Aging and Impact on Brain Structure and Function: Brief Overview Although brain weight and cerebral blood flow decrease with aging, global neuronal cell loss does not typically occur. The cerebellum, the locus ceruleus, and the substantia nigra incur more cellular loss than areas such as the hypothalamus, pons, and medulla [12] . Decreases in the protective myelin and apoptosis lead to neuronal loss in these areas. Additionally, reductions in mitochondrial function, increases in oxidative stress, and the accumulation of ubiquitylated protein aggregates contribute to cell death [13] . Important signaling via neurotransmitter and neurotrophic pathways can be disrupted by these changes, and this may be particularly detrimental to important brain functions in vulnerable individuals.
Exposure to early or chronic stress, traumatic events, or medical use of glucocorticoids can directly or indirectly impact brain structure and function through effects on the hypothalamic pituitary adrenal (HPA) axis and brain regions involved in learning, memory, and affective modulation [14] [15] [16] [17] . The stress hormone cortisol plays a necessary role in brain function, involving effects on the plasticity and survival of neurons. Nerve cells in areas of the brain important for regulating cognition and emotion may also be more vulnerable to neurotoxicity when exposed to prolonged and/or high glucocorticoid levels. With aging, hippocampal feedback control of the HPA axis decreases, producing a steady increase in circulating glucocorticoids [18] . Some evidence demonstrate that older women are at higher risk for dysfunction of this stress response than men [19] . Hormonal effects likely play a significant role in regulating the stress response even in younger women, with some evidence for protective effects of estrogen, which is revisited below [20] .
In addition to stress, other psychosocial, behavioral, and health factors across the life span have been shown to impact the rate at which the brain ages. Brain health is adversely affected by sub-optimal health behaviors such as lifetime consumption of a high-fat diet [21] , excessive alcohol use [22] , and cigarette smoking [23] . When considering the aging brain, one must also evaluate the presence of medical conditions such as the metabolic syndrome [24] , cardiovascular disease [25] , pulmonary disorders [26] , and autoimmune illnesses [27, 28] known to be highly comorbid with affective disorders and cognitive impairment/dementia. Hypertension is a well-known risk factor for sub-optimal cognition [29] , but new reports from the large epidemiologic study of men and women known as the Systolic Blood Pressure Intervention Trial (SPRINT) may call into question the acceptability of our previous cutoffs for "normal" blood pressure [30] .
For women, lifetime exposure to reproductive hormones and their characteristic fluctuations impacts markers of cellular aging [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] Unlike the central nervous system, that involves growth and development through much of the early life cycle, the aging of the ovary begins in utero, with significant decline in follicles containing germ cells. When the number of follicles becomes lowest, during the menopause transition, the production of the ovarian hormones estradiol and progesterone fluctuate dramatically and eventually dwindle to hypogonadal levels in the postmenopausal state. Ovarian hormones modulate neurotransmitters, cellular processes, and brain regions implicated in the pathogenesis of psychiatric and cognitive disorders [40, 41] . In animal models, fluctuating estradiol levels alter serotonin transmission in the amygdala and hippocampus, and in humans, studies of menopausal women undergoing estrogen treatment showed changes in mood as well as serotonin transmission relative to hormonal status [41] . In humans, memory has repeatedly been shown to be impaired by tryptophan (TRP) depletion, a manipulation that results in rapid reduction of the serotonin precursor tryptophan [42] . Reversal of acute TRP depletion-induced effects on brain activation in the "working memory network" of the bilateral dorsolateral prefrontal cortex and middle frontal gyrus has been observed with estradiol administration in menopausal women [43••] . Interestingly, there is some evidence from rodent [44] and human models [45] that estradiol administration may sensitize the aging female to the adverse effects of stress on cognition, perhaps via noradrenergic [46] or cholinergic effects [39••] . Research in premenopausal women demonstrates an opposite effect, with high estradiol levels attenuating brain activation changes and negative mood response to psychosocial stress [20] . As stated previously, other evidence shows a more abnormal stress response, with more HPA reactivity, in older women, in lower estrogen states, compared with men [19] .
Both estrogen and progesterone receptors are present in areas of the brain considered important for regulation of the stress response, emotion regulation, and memory functions, such as the hypothalamus, amygdala, hippocampus, and prefrontal cortex [47, 48] , again brain regions impacted by chronic and/or traumatic stress as well as medical conditions requiring prolonged glucocorticoid treatment. Hence, factors intrinsic to women (i.e., characteristic fluctuations in reproductive hormones) are likely to interact with environmental factors occurring across the life span to promote risk or resilience for neuropsychiatric and cognitive disorders during old age.
Mood Disorders
After puberty and prior to the onset of menopause, women are twice as likely to be affected by depression as men, but this sex difference decreases once women reach the postmenopausal years [49] . In contrast, the perimenopause represents a time of increased vulnerability for depression for women during the process of aging. Perimenopausal women are three to five times at greater risk for the development of a major depressive episode during perimenopause compared to premenopause [50] [51] [52] [53] [54] . Although a previous episode of depression has been shown to confer an increased risk for the development of depression during perimenopause [36•, 51], women with no prior history of depression are two to three times likely to become depressed in the perimenopausal compared to their premenopausal state [51] [52] [53] . Some of the other independent risk factors for depression in perimenopause include poor sleep [51] , stressful or negative life events [54] , lack of employment [51] , and lack of social support [54] .
Hormonal changes occurring during menopause are also playing a significant role as evidenced by increased risk for depression with variability in estradiol levels (rather than absolute level) [36•, 55], surgical menopause [56] , and the presence of hot flashes [57] . This is further supported by findings in younger women with higher risk of mood symptoms in the premenstrual and postpartum periods, when estrogen levels shift dramatically [58, 59] , and women with a history of PMS and PMDD have greater risk of perimenopausal depression [60] . One of the most recent findings published from the Penn Ovarian Aging Study [36•], a longitudinal investigation of women across the menopause transition, demonstrated that a more rapid rise in FSH prior to the final menstrual period, which is indicative of a shorter transition through menopause, predicted a decreased risk of depressive symptoms. Therefore, women who have a more prolonged perimenopause are likely at more risk for depression.
Furthermore, in double-blind, placebo-controlled trials, perimenopausal women receiving short-term 17beta-estradiol transdermally had remission rates as high as 80 % [61, 62] . In other randomized controlled trials, when estrogen was given to older, postmenopausal women with depression, there were no significant improvements in symptoms, suggesting a window of opportunity for estradiol's effects on brain function [63, 64] . Early findings from the Kronos Estrogen Early Prevention Study (KEEPS), a large, multi-site placebo-controlled study of early postmenopausal women treated with oral or transdermal estradiol and cyclic progesterone, showed benefit of oral estradiol on mood and neutral effects on cognition [65••] . That non-human primate research suggests that cyclic, but not consistent, estradiol is necessary to promote neuronal plasticity in the prefrontal cortex and maintenance of working memory indicates the importance of studying different hormone therapy schedules and preparations in human subjects [66] .
Some risks for depression may remain in the early postmenopause [67•] , but in general, the risk for depression decreases in the years following the final menstrual period. Age-related brain changes and particularly those related to the postmenopausal low-estrogen state are unlikely to increase risk for depressive disorders as might be expected. There may be a subset, however, of late-onset depression, which may be more directly related to cerebrovascular changes and neurodegeneration. Additionally, it seems that even though significant stressors such as medical illness, deaths of family members, financial instability, and social isolation can occur in older populations, the risk of depression remains lower. Resiliency and adaptive coping strategies are likely important protective factors.
When considering treatment for depressive disorder in older women, first-line treatments used for younger women remain standard practice. Women with perimenopausal depression have higher response rates to selective serotonin reuptake inhibitors (SSRIs) when directly compared to treatment with hormone replacement therapy [68] . There are cases requiring augmentation with hormone replacement, when only partial response is seen with antidepressant treatment and when other physical menopausal symptoms are present. Antidepressants such as the SSRIs have been shown to be effective for geriatric depression as well [69] and are typically tolerated in older women. Lower doses may be necessary to avoid side effects, and care is required regarding medication interactions, given high rates of polypharmacy in this population. Psychotherapy should also be considered, and studies demonstrate effectiveness of cognitive behavioral therapy in geriatric depression [70] . Barriers for older patients include availability of trained providers and acceptance of treatment.
There is very little research focusing on bipolar disorder in older female populations. Sex differences occur throughout the life cycle, with younger women having more risk for depressive and mixed episodes than men [71, 72] and women with bipolar disorder having increased risk for clinically significant premenstrual mood symptoms [73] as well as postpartum mania and psychosis [74] . Therefore, hormonal fluctuations are likely to be triggers for these mood symptoms, and this may be important for women in the perimenopause. Retrospective studies show that up to half of women with bipolar disorder report intense mood symptoms during the menopause transition and depression occurs more often than mania [75, 76] . One recent cross-sectional survey of menopausal women demonstrated that women were more likely to have any mood symptoms during the late menopause transition and early postmenopause compared to late reproductive and early menopausal stages [77•] . In this study, FSH and estradiol levels and variability were not associated with the presence of mood symptoms but menopausal symptoms, including vasomotor symptoms, were associated with concurrent depressive symptoms among perimenopausal women with bipolar disorder.
Rates for bipolar disorder in geriatric populations appear to be similar to those in younger adults, with 0.7 % one-year prevalence in community samples [78] . In contrast to the pattern seen for major depressive disorder, prevalence of bipolar is similar in younger men and women but women over the age of 65 are more frequently diagnosed with bipolar disorder than men [79] .
There are several treatment considerations for older women with bipolar disorder. Hormone therapy (HT) may be a consideration for adjunctive treatment of bipolar disorder in the perimenopause, particularly when depressive symptoms and sleep disruption due to vasomotor symptoms are present. Research has not yet been completed to evaluate the option of HT as a monotherapy; however, and therefore, mood stabilizers should remain the standard of care. Of course, caution should be used when using mood stabilizers in geriatric patients, who may have comorbid medical issues, greater risk for adverse events and side effects from medication, and potential medication interactions.
Anxiety Disorders
Although less research has focused on anxiety than depression in older women, anxiety disorders in this group are likely prevalent and require more attention. The incidence of anxiety disorders peaks in the fourth decade but, as seen with depression, may increase in frequency during the midlife for women.
The majority of studies demonstrate an increase in anxiety symptoms during the menopause transition, especially in women with preexisting anxiety [80] [81] [82] [83] [84] . Risk for anxiety was elevated during perimenopause even for women with low levels of anxiety at baseline as well. Vasomotor symptoms have also been consistently associated with increased risk of anxiety during the menopause transition [85, 86] . Some women experience a sense of anxiety with each hot flash. The symptoms described are most consistent with panic or generalized anxiety, but the associated risk of specific anxiety disorders has not been determined.
Similar to the mood disorders, anxiety disorders decrease in prevalence in older adults, including women, but here, women continue to be more at risk than men. Of older adults in community samples, 2 to 15 % are affected by anxiety disorders [87] , compared with 18 % of younger adults [88] . Risk factors for anxiety in the elderly include chronic medical conditions, cognitive impairment, disability, and previous history of anxiety disorder [89] . In addition, one study involving postmenopausal women demonstrated that stressful life events increased risk for panic attacks [90] . In older adults, the most common anxiety disorders are generalized anxiety disorder and phobia, with panic disorder and obsessive-compulsive disorder declining in prevalence among the aged [87] . As during the premenopausal years, older women are at greater risk than men for most anxiety disorders [87] .
Most antidepressants, which are first-line treatment options for anxiety disorders during the premenopausal years, remain effective for the treatment of anxiety during old age. Selective serotonin reuptake inhibitors have shown to be effective in older adults with anxiety disorders [91] . Augmentation with HT, particularly when vasomotor symptoms are present, would be appropriate. In geriatric populations, particular care is necessary when using benzodiazepines. These medications put older patients at risk for confusion, falls, and seizure related to withdrawal. Abuse and dependence of sedative hypnotics are also problematic, and female patients are at prescribed benzodiazepines more often than men, and older patients are more likely to receive benzodiazepines for prolonged periods of time [92] . While older women are more likely to use the medications as prescribed, they are still at risk for physical dependence and withdrawal [93] . Additionally, prolonged use of benzodiazepines may increase risk for dementia [94] . If benzodiazepines are used in older women, brief exposure with close monitoring is advised. Psychotherapy, particularly cognitive behavioral therapy, for anxiety disorders is also recommended, and there is growing evidence demonstrating effectiveness in older adults [91] .
Psychotic Disorders
The well-known sex differences in prevalence, age at onset, and natural history of psychotic disorders suggest a possible role for reproductive hormones. In addition to earlier onset of psychosis/schizophrenia among men, studies have demonstrated that among women with schizophrenia, psychotic symptoms may be worse in the premenstrual phase, when estrogen levels decrease, and improve in phases with higher levels of estrogen [95, 96] . Women with preexisting psychotic disorders are also at high risk for postpartum psychosis when estrogen levels fall [97] . Late-onset schizophrenia, with onset after the age of 40, is up to 10 times more common in women than men [98] . The onset is often between ages 45 and 50, which is typically concurrent with the early phases of the menopause transition. The onset for delusional disorder is later in women than in men as well, with a peak in the seventh decade [99] . There are few studies looking at risk for new onset psychosis specifically during menopause, however. Additionally, women with earlier onset schizophrenia do have a higher risk for worsening symptoms, with evidence for an increase in positive and negative symptoms during the menopause transition [100, 101] .
In older women who are experiencing psychotic symptoms, treatment with an antipsychotic is still appropriate. Efficacy of antipsychotics may not be equivalent in the postmenopausal population, as younger women seem to have better treatment response at similar doses of antipsychotics compared with postmenopausal women [102] . Regardless of menopausal status, however, women may require lower doses of antipsychotics than men [103] . Older patients are likely to be more susceptible to the side effects of these medications, so the lowest effective dose should be utilized, and atypical antipsychotics should often be considered first prior to the typical antipsychotics. Close monitoring for metabolic changes, such as elevated glucose or lipid profile, as well as monitoring of electrocardiogram for QTC prolongation in some cases should be planned. For psychotic symptoms occurring during the perimenopause, treatment with adjunctive estrogen should also be considered. Both oral and transdermal estrogens have shown to be helpful as adjunctive treatments with antipsychotics in younger women [104, 105] . One small study even showed evidence for benefit of a selective estrogen receptor modulator as an addition to an antipsychotic in treating psychotic symptoms [106] . Treatment of psychotic symptoms with hormone replacement therapy in the postmenopause, however, has demonstrated contradicting results. While hormonal treatment proved beneficial for reducing negative symptoms of schizophrenia when added to an antipsychotic in one study, it did not reduce risk for relapse of illness when used similarly in another study [107, 108] .
Cognitive Disorders
Many women complain of changes in their cognitive function during the menopause, with the majority reporting worsening of verbal memory, as well as executive dysfunction and inattention [109, 110•] . Up to 72 % of menopausal women report some subjective memory impairment, and these symptoms are more likely to be associated with depressive symptoms and are more prevalent early in the menopause transition [111] . While some studies have demonstrated no objective changes in memory functioning during the perimenopause [111] [112] [113] , a more recent report from the Penn Ovarian Aging Study indicates an objective decline in immediate and delayed verbal memory across the transition from premenopause to postmenopause [114•] . Additionally, findings from the Study of Women Across the Nation (SWAN), focusing on a more narrow window of the menopause transition, have shown that women entering menopause failed to improve as much on repeated tests of verbal memory compared to premenopausal women [115] .
It is not entirely clear if women who have cognitive difficulties during the menopause transition are more at risk for cognitive impairment later in life. Although it is not likely that cognitive function returns to a woman's premenopausal baseline in postmenopause, she may adapt to and compensate for the symptoms with time. Some women do go on to develop mild cognitive impairment, with some objective evidence of decline, and a proportion of these women may develop dementia. Mild cognitive impairment is actually more prevalent in older males [116] , but women are more at risk for several cognitive disorders, including the most common Alzheimer's disease [9] . Twenty percent of more women die from this disease than men, and this risk even remains after controlling for the effects of the female population's greater longevity [117] .
Disparities in rates of cognitive disorders between men and women have led to focus on the role of estrogen in neuroprotection. This is supported by evidence from observational studies that treatment with HT during perimenopause decreases later risk for dementia [118] [119] [120] [121] . There is likely a critical window for estrogen's positive effects, as women treated later in postmenopause have higher risk for development of dementia [35•] and women with dementia treated with hormone therapy have shown no improvements in cognitive symptoms or delaying the rate of progression of the disease [122] . Recent evidence from the KEEPS trial actually demonstrated no benefit for cognitive abilities of perimenopausal and early postmenopausal women with either the transdermal or oral preparations of estradiol; however, they were studied for a relatively brief period (4 years) and are not yet in the window of risk for MCI or AD [65••] .
Perimenopausal and early postmenopausal women experiencing onset of cognitive difficulties may wish to consider a trial of HT, particularly if there is not contraindication for use and they are experiencing sleep disruption due to night sweats. Recently, psychostimulant medications used for attention deficit disorder have shown promising effects in treatment of perimenopause onset of executive function difficulties in specific. Small, placebo-controlled, crossover studies of atomoxetine [123] and lisdexamfetamine (LDX) [110•] reported both subjective and objective measures of improvement in executive functions and verbal recall, respectively. Caution should be used when prescribing these medications in older adults, due to cardiovascular risks for elevation of blood pressure and heart rate as well as interference with sleep and appetite. Abuse and dependence can also occur with use of psychostimulants, so these should be avoided in patients with a history of substance use disorders. Choice of treatment would depend on the patients' preference, the presence of other menopausal symptoms, and risks associated with either treatment for the individual. Preventative strategies for reducing risk for dementia include optimizing management of cardiovascular health, engaging in regular exercise, remaining socially active, and practicing cognitively challenging tasks [124] . For women with dementia, symptomatic treatment with cholinesterase inhibitors and NMDA receptor antagonists can provide some reductions in rate of cognitive decline [125] . Use of HT, however, for these women would not be recommended.
Conclusion
Neuropsychiatric disorders are common among aging women, and factors such as stress exposures, comorbid medical conditions, and the hormonal changes of the perimenopause and postmenopause likely play a significant role in the development or exacerbation of symptoms in women. The relationship between these factors is complex, particularly when considering their individual and combined effects on the aging brain. Stress is associated with sub-optimal health behaviors that can directly undermine brain function but also contributes to risk for chronic medical conditions, neuropsychiatric disorders, and cognitive decline.
The discussion of risk for neuropsychiatric disorders in women has revolved around the reproductive hormones. Estradiol in specific has neuroprotective effects, but in aging women, the benefits of HT, with respect to effects on mood, psychotic symptoms, and cognition, remain a point of debate and investigation. Changing estradiol levels may adversely affect the stress response in older women. Whether estradiol enhances stress sensitivity in younger menopausal women who are proximal to their final menstrual period is not known, but in premenopausal women, the stress-induced effect of estradiol may be more protective [20] . Findings from the KEEPS trial provide evidence of the importance of initiating estradiol treatment in the early perimenopausalpostmenopausal period with respect to impact on mood and cognition [65••] . Finally, for those women who undergo a premature menopause, the use of estradiol until their early 50s is crucial to diminish their risk of dementia [38•].
Regarding treatment of neuropsychiatric disorders in older women, even if changes in hormonal status contribute to risk of symptoms, HT is not necessarily the most effective or safest option. Psychiatric medications and psychotherapies that target symptomatology often remain the first-line treatment. New research also suggests that psychostimulant treatment for the subset of menopausal women who experience significant executive function complaints may be helpful.
Women comprise the majority of individuals living into their ninth and tenth decades; therefore, a continued focus on risks and treatment of neuropsychiatric disorders in this group is imperative. Research on the effects of aging on neuropsychiatric conditions has focused primarily on depression and dementia, and an improved understanding of how and why these effects vary by gender is still needed. The fields of geriatric psychiatry and neurology would also benefit significantly from additional investigations regarding the impact of aging on anxiety disorders, bipolar disorder, and the psychotic disorders, particularly among women. The aging female population deserves a unique approach for management, with different risk factors for illness and treatment response compared not only with men but also with premenopausal women. 
